We describe several studies to measure the charged track reconstruction efficiency and asymmetry of the BABAR detector. The first two studies measure the tracking efficiency of a charged particle using τ and initial state radiation decays. The third uses the τ decays to study the asymmetry in tracking, the fourth measures the tracking efficiency for low momentum tracks, and the last measures the reconstruction efficiency of K 0 S particles. The first section also examines the stability of the measurements vs BABAR running periods.
Introduction
the absolute or relative rate of the physics process being 13 studied.
14 In this paper, we present the algorithms and methods
15
used in BABAR to estimate the track finding efficiency.
16
To cover the range of particle momenta and produc- side the sensitive volumes of these detectors.
82
The SVT consists of five layers of double-sided sili- particle species (e ± , µ ± , π ± , K ± , and p ± ) directly observ-119 able in the BABAR tracking system are defined. Samples 120 of specific particle species of varying efficiency and pu- are found in the DCH using a less restrictive algorithm.
143
Tracks found in the DCH are fit using a Kalman filter After all the tracks in an event are found, they are fil- Charge conservation infers the existence of the fourth 223 track.
224
The tracking efficiency ǫ is defined by
where A is the geometric acceptance of the fourth track 226 constrained by the τ pair kinematics and the selection loose electron PID selection.
268
For the "same-sign" channel (τ ± → π ± π ± X ∓ ν τ , where
269
X ∓ is the unidentified 4 th track), we require 0.3 GeV
270
< M π ± π ± < M τ to ensure that the charged pions are The cosine of the angle between the muon and the closest identified photon (cos(θ µγ )) with all other selection criteria applied for about 15% of the BABAR data sample. The points represent the data, the empty histogram represents the 3 prong τ decays, the light shaded histogram represents the other τ + τ − MC, the medium dark histogram represent the µ + µ − MC and the dark histogram represents theMC. The background contamination in these samples is small. with the net transverse momentum of the µ-ππ system 293 being more than 0.3 GeV.
294
After the same-sign and opposite-sign events have between data and MC is defined using Eq. 2.
Similarly, the charge asymmetry of the tracking effi-305 ciency is defined using Eq. 3.
where the efficiency measurements in Eq. 2 and Eq. 3 307 also include the detector acceptance. events with six tracks originating from the e + e − colli- 
Systematic Uncertainties

334
The primary systematic uncertainties in measuring events, and two-photon events.
343
We estimate the effect of background mis-modeling 344 on the efficiency measurement using control samples se-345 lected to be enriched in photon conversion backgrounds.
346
The control samples are selected using the standard se- 
370
To account for possible differences in the rate of fake tracks, a systematic uncertainty based on the difference between ∆ and the charge asymmetry calculated with (ǫA) and
is included, where N 5 is the number of events where two 371 candidate fourth tracks are found.
372
As a cross check on the systematic errors, we com-373 pute ∆ and the charge asymmetry, a ± , separately in the 374 same-sign and opposite-sign channels, and find these to 
386
We quantify the kinematic variation in ∆ and the charge asymmetry by measuring them as a function of fourth track polar angle θ and transverse momentum p t . Because of the three missing neutrinos in the event, θ and p t of the fourth track cannot be exactly determined. We therefore construct estimators based on the trajectories of the muon and two identified pions, and use them to define different kinematic regions. We define the cos(θ) estimator to be
where the π 1 π 2 system is defined as the vector sum of 
390
For p t we define the estimator as 
where n is the number of regions, ∆/a ± is the average ∆ for data events in Runs 1-6 selected with the same-sign and opposite-sign selection criteria. The fourth track is identified using the CT definition. The dotted lines indicate the boundaries of the P miss t regions selected for determining the systematic uncertainty on ∆ and the charge asymmetry as a function P t,4th T rack .
is the ∆ or the charge asymmetry in the ith region se-400 lected with the estimator. The systematic uncertainty 401 due to P t and θ dependence is quantified in Table 1 . Table 1 : Systematic uncertainties for ∆ in P t and θ. The P t and θ uncertainty in the Υ(2s) and Υ(3s) runs are sensitive to the limited statistics. 
402
Data Period
P t Uncertainty θ Uncertainty GTL Track Definition Runs 1-6 0.20% 0.11% Run 7 -Υ(2s) 0.30% 0.38% Run 7 -Υ(3s) 0.80% 0.42% CT Track Definition Runs 1-6 0.10% 0.06% Run 7 -Υ(2s) 0.65% 0.28% Run 7 -Υ(3s) 0.79% 0.32%
Tau31 Results vs. Run Period
where σ ∆CT/GT is the total uncertainty on ∆ for the given (%) 
ISR Event Selection
462
For the ISR efficiency measurement we require that as the
.
499
The fit in the 4-track (3-track) sample uses the four 
504
The resulting χ 2 distributions are shown in Fig. 11 .
505
The χ 2 distributions are broader than expected, partly 
We define signal and control regions in the 4-track The result of the fit is shown in Fig. 12 
ISR Efficiency Kinematic Dependence
572
In Fig. 13 The number of tracks lost due to DC track over- distribution at small ∆φ S C due to track overlap losses.
631
The distribution due to usual detection inefficiency has 
ISR Efficiency Summary
643
To summarize, the difference in tracking inefficiency for CP violation in charm decays is
668
An asymmetry in the reconstruction efficiency for the 
673
We define the charged pion tracking asymmetry as 
676
We illustrate our expectations in this regard using 677 MC. Figure 16 shows the pion tracking efficiency asym- 
684
Two different methods are used to determine the pion track efficiency asymmetry directly from data. The more precise technique relies on Tau31 events. We work directly in the observed variables and use the ratios of the numbers of two-hadron decays to three-hadron decays to determine the pion inefficiency. Instead of fitting distributions of 2-and 3-hadron decays, we recognize that the (fewer) 2-hadron events that arise from tracking inefficiency can be easily modeled directly from the 3-hadron events. In practice this is done by weighting every 3-hadron event by the ratio (1 − ǫ)/ǫ, where ǫ is the track efficiency of the observed third track. For both 3-hadron as well as 2-hadron events we select only events from the ρ-decay channels τ − → ρ 0 h − ν τ , according to the selection criteria described in section 4 since the inclusive τ − → π − π − h + ν τ has more significant backgrounds, specifically with contamination from electrons. The total number of 2-prong (3-prong) events in the sample is 86,092 (1,365,900). The distribution of events in the observed variables, pt miss and cos(θ) miss , is shown in Figure 17 . The observed variables are determined from the 2-prong momenta:
such that
and pt miss = p T (ππ).
In order to fit these event distributions, one must 685 also account for backgrounds. The 2-hadron events of 686 interest include approximately 7% background events.
687
Chief among these are events from photon (5%) and PDFs. We find the total systematic error to be 0.10%. When a vector meson decays to a final state made of two pseudo-scalar mesons, the distribution of the helicity angle is expected to be symmetrical and can be described as [21, 22] 
Furthermore, the cosine of the helicity angle is related to the slow pion momentum by: 
The goal of this analysis is to compare data and MC efficiencies to get a systematic error from the relative difference between them:
The limitations of this method are the effects that may The analysis is done using 470 fb 
where k is the index referring to one of the 8 p * (D * ) regions, l refers to one of the 16 bins of the cosθ * histogram in that region. D lk , σ D lk and S lk are the number of events observed in the bin, its error and the number of events expect by the fit model, respectively. The expression of the fit model is
where i indicates the bin of the cos θ * distribution in the 
868
The systematic uncertainty estimated from Eq. 24 for 869 the low p T tracks is σ syst = 1.54%. 
966
To get the overall correction in the K 
